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Investigation of 78 surface pollen samples from warm temperate hilly areas of eastern China shows that pollen assemblages in 
areas of different land use are significantly different. Pollen concentrations in wastelands are higher than in plantations; these, in 
turn, are higher than in farmlands; implying that pollen concentration decreases with increasing human impact. Arboreal pollen 
dominated by Pinus and Quercus is common in all samples. Herbaceous pollen percentages are higher while shrub pollen, fern 
spores and fern allies are lower in farmlands than in wastelands. Crop pollen is only detectable in and near farmlands; its percent-
ages and concentrations decrease in wastelands. Cereal and Cruciferae pollen percentages average 16.7% and 6.7% in farmland 
respectively, but Cereal reduces to less than 3% and Cruciferae to less than 0.5% in nearby wastelands. Principle coordinates 
analysis and clustering analysis indicate that pollen assemblages from farmlands are distinguishable from those under other vege-
tation types. Occurrence of Poaceae, Chenopodiaceae, Artemisia, and Compositae pollen and Selaginella sinensis spores are 
closely related to human activities, and their types and frequencies indicate intensity of human impact. The spatial distribution of 
crops, Chenopodiaceae, and Artemisia reflects changes in both natural environments and human activities. Percentages of cereal 
and Cruciferae pollen, for example, increase with decreasing altitude, but decrease with increasing latitude. Understanding pollen 
assemblages under artificial and human-disturbed vegetation in hilly areas may aid understanding of human impacts on the plains 
during the early-middle Holocene. 
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Pollen-based paleoclimatic reconstruction and paleovegeta-
tional simulation play an important role in global change 
research [1–3]. The relationships between modern pollen, 
vegetation and climate need to be clearly understood. Many 
studies have investigated relationships between modern 
pollen, vegetation and climate in East Asia, on the Tibetan 
Plateau and in northern China [4–11]. Usually these studies 
have focused on natural vegetation. However, human-in- 
fluenced vegetation is also important in forecasting climate 
and environmental change, particularly as human impact 
becomes increasingly serious. Some recent pollen research-
ers have begun to investigate human impacts on vegetation.  
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Examples include Hjelle’s research of pollen assemblages 
in human-disturbed meadows in western Norway [12], 
Court-Picon et al. [13,14] compared pollen assemblages in 
natural and human-disturbed vegetation in the French Alps, 
Buttler et al. [15] studied meadow pollen assemblages with 
different human impacts in the Pyrenees Mountains, and 
Liu et al. [16] researched the pollen assemblages of grass-
lands that have different coverage and degrees of deteriora-
tion in northeastern China. All of the above studies reveal 
that pollen assemblages differ with human impact, and 
some types directly indicate human activity. However, these 
studies were too small to reveal regional vegetation changes 
and relationships with human activities. Through dust 
analysis of a large area of eastern China, Deng et al. [17] 
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found that pollen assemblages in the anthropic zone are 
dominated by herbs, and that pollen assemblages were not 
significantly correlated with present vegetation. 
Pollen assemblages can be expected to differ as different 
ecosystems are disturbed by humans in different ways at 
different times. Pollen research can detect the signals of 
human activities and provide evidence of agricultural de-
velopment in the fossil pollen record. 
Little research has investigated pollen assemblages of in-
troduced or human-disturbed vegetation. China is an im-
portant cradle of agriculture, and long-term large scale cul-
tivation has made it difficult to find an ecosystem unaf-
fected by humans. Some studies have indicated that intro-
duced and human-disturbed vegetation has significant re-
gional characteristics in China. Pinus massoniana and Di-
cranopteris, for example, have increased abundance where 
vegetation is disturbed and rice farming is the main land use 
in southern China [18,19]. Pinus tabulaeformis, Artemisia, 
members of the family Chenopodiaceae and Selaginella 
sinensis have increased in northern China where wheat and 
corn are the main crops [20,21]. 
A detailed study of surface soil pollen has been con-
ducted in the Anyang area; this was aimed at recognizing 
modern pollen assemblages and their spatial distributions in 
an area that has had intense human activity over a long pe-
riod [22]. We chose a larger hilly area in warm temperate, 
eastern China to study pollen assemblages under introduced 
and human-disturbed vegetation. In this area human activi-
ties are less intense than on the plains. The area includes 
farmlands, but some secondary forest and shrub-grasslands 
are still common. Thus the vegetation may be close to the 
paleovegetation that was on the plains during the early 
stages of agriculture (early-middle Holocene). Study of 
pollen assemblages in the hills should be helpful to iden-
tifing human impacts in the fossil pollen records. Our aim is 
to assess pollen assemblage characteristics from areas with 
different types and intensities of human impact by com-
parison with natural vegetation. We discuss the degree and 
range of vegetation change caused by human impact. Our 
research will supply the basic information to select repre-
sentative pollen types that indicate human impact under 
different climatic conditions. We will establish a semi- 
quantitative or quantitative understanding of the relation-
ships between pollen, vegetation, and climate in human im-
pact areas. 
1  Study area 
The study area was on the Loess Plateau and Qinba Moun-
tains 109°37′–113°40′E and 32°19′–37°46′N and lies within 
the subtropical, continental, monsoon zone, that includes the 
central and southern parts of northern China, and the north-
ern parts of central China. Mean annual temperature ranges 
from 8°C to 16°C, and mean annual precipitation from 400 
to 1000 mm [23]. Vegetation zones extend from warm tem- 
perate, deciduous-broadleaf forests, to subtropical, mixed 
evergreen and deciduous-broadleaf forests. Today, forests 
are only found on the upper parts of mountains; indicating 
serious human impact. Deciduous-broadleaf forests are 
dominated by Quercus (Q. liaotungensis, Q. variabilis) ac-
companied by Pinus (P. tabulaeformis, P. armandii). Mixed 
evergreen and deciduous-broadleaf forests are dominated by 
Cyclobalanopsis glauca and deciduous Quercus species, 
usually accompanied by Pinus henryi and P. armandii [24]. 
Most lower hilly areas are covered by shrubs such as 
Ostryopsis davidiana, Hippophae rhamnoides and Vitex 
negundo. Farmlands are mostly in piedmont areas, valleys, 
and on gentle hillsides. 
2  Methods 
We collected 78 surface soil samples (45 farmlands, 19 
wastelands, 14 orchards and planted woodlands) in July 
2008, along the route from Lüliang, Shanxi Province, to 
Xiangfan, Hubei Province, and returned to Yangquan, 
Shanxi Province (Figure 1). To reduce sampling error, sam-
ples were collected from surface soil (0–1 cm deep), and 
4–5 collections within 2 m were mixed together. Latitude, 
altitude, and main plant species were recorded for each site. 
Surface soil samples were treated with hydrofluoric acid 
following the method described by Faegri and Viersen [25], 
and 10 g of dry sample were added to one tablet of Lyco-
podium (27637 grains) used as a tracer. Pollen grains were 
identified and counted using a BX-51 Olympus light mi-
croscope at 400× magnification. More than 400 pollen 
grains were counted for each sample. 
On the basis of previous research, pollen grains of the 
Poaceae were sorted into 2 types by grain size, circular pore 
diameter, and ornamentation [17,22]. Pollen grains shorter 
than 35 μm (long axis) with thinner walls were designated 
weed Poaceae. Pollen grains longer than 35 μm with clear 
ornamentation, a clear circular pore and similar grain size 
were considered cereal Poaceae. 
A pollen diagram was drawn using TILIA [26]. Principal 
coordinates analysis (PCoA) and cluster analysis (CA) were 
conducted using MVSP (manufactured by Kovach Com-
puting Services). Spatial distribution maps of the main pol-
len taxa were drawn using ArcMap (manufactured by Envi-
ronmental Systems Research Institute, Inc.), and analysis of 
variance (ANOVA) of pollen concentrations in different 
areas was conducted using Excel (manufactured by Micro-
soft Corporation). 
3  Surface pollen assemblages 
A total of 103 plant taxa were identified from pollen in 78 
samples. Pollen from 29 trees was recorded, with the   
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average percentage of tree pollen per sample 37.8% and the 
maximum 67.6%. Pinus, Quercus, Carpinus, Betula, Jug-
lans, Populus, Ulmus were the major tree types and their 
pollen was found in nearly all samples. Anacardiaceae, Ai-
lanthus, Salix, Celtis, Castanea and Cupressaceae were also 
common but with lower percentages. Trees in the Lau-
raceae, and Castanopsis were only detected in the south of 
study area. 17 shrubs were identified (average 4.1%, maxi-
mum 27.4%); Elaeagnaceae, Ostryopsis, Rosaceae, Rham-
naceae, Syringa and Nitraria were the major types. The 
average percentage of herbaceous pollen (50 taxa) per sam-
ple was 46.5%, and the maximum was 87.2%. Common 
types were Poaceae, Artemisia, Chenopodiaceae, Poly-
gonaceae, Compositae, Leguminosae, Cyperaceae, Typha, 
Humulus, Urtica, Ranunculaceae, Amaranthaceae, Crucif- 
erae, Labiatae, Liliaceae, Caryophyllaceae, Solanaceae and 
Convolvulaceae. Spores of ferns and fern allies (7 taxa) av-
eraged 11.7%, with a maximum of 92.3%, and the dominant 
plant was Selaginella sinensis (Figure 2). 
The samples were divided into 3 groups depending on 
land use. These were farmlands (23 corn fields, 4 rice fields, 
18 mixed crop fields with corn, sorghum, peanut, soybean, 
potato, sweet potato, calabash, eggplant), wastelands (19 
abandoned farmlands, barren hillsides and embankments) 
and plantations (5 Malus orchards, 4 planted Sophora 
woodlands, 1 Nicotiana tabacum field, 1 Zanthoxylum field, 
1 Morus alba field, 1 citrus orchard, 1 vineyard). Pollen 
assemblages within a land use group were similar, but were 
obviously different between groups (Figure 3). 
Pollen assemblages in farmlands were dominated by 
herbs. Pollen percentages of cereals and Cruciferae were 
higher here than in the other land use groups. Some crop 
pollens were only detected in farmlands and nearby areas. 
Linum usitatissimum pollen, for example, was detected in 
flax fields (1.4%), Phaseolus pollen was detected in 2 
bean fields (around 3%), Malvaceae pollen was detected in 
farmlands where cotton is grown nearby (average 1.8%, 
maximum 3.8%), Pedaliaceae pollen was only detected in 4 
farmlands where sesame is grown nearby (average 1.6%, 
maximum 4.0%). 
Arboreal and herbaceous pollen percentages in wastelands 
were lower than in farmlands, especially for cereals, Cru-
ciferae and Chenopodiaceae. However, Artemisia, Poaceae 
 
Figure 1  Locations of the 78 pollen sample sites. 
 
Figure 2  Percentages of major pollen taxa in surface soil. 
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weeds, Compositae (excluding Artemisia) and Polygona-
ceae pollen percentages were higher than in farmlands. Ar-
temisia pollen was 5 times that in farmlands. Cereal pollen 
was not detected in 3 wasteland samples, and Cruciferae 
pollen was not found in 9 samples. Pollen from shrubs and 
fern spores were all higher than in farmlands. 
In Malus orchards, Rosaceae pollen percentages (average 
5.1%) were higher than in the other land use groups. Arbo-
real and herbaceous pollen percentages in Malus orchards 
were similar to those in farmlands but higher than in waste-
lands. Among the herbaceous pollen types, Artemisia per-
centages were lower than in wastelands but higher than in 
farmlands. In contrast, percentages for cereals and Cru-
ciferae were obviously higher than in wastelands but lower 
than in farmlands. Percentages for Chenopodiaceae, Poac- 
eae, Compositae and Polygonaceae were all higher than in 
farmlands and wastelands. Fern spores were all lower than 
in farmlands or wastelands. Vitis pollen was only detected 
in the vineyard (3.8%). The Solanaceae in the tobacco 
field, Rutaceae in the Citrus orchard and the Zanthoxylum 
field, and Leguminosae in the planted Sophora woodland 
were all less than 1%. No Moraceae pollen was detected in 
the mulberry field. 
To reduce the effect of sample distance and regional dif-
ferences, 10 areas of farmland (cornfields and mixed fields 
with corn planting) were paired with 10 nearby wastelands 
no more than 20 m away. Differences of percentages and 
concentrations of main pollen types between farmlands and 
wastelands samples in these pairs were consistent with that 
in all 2 land use group samples. Average concentrations of 
main pollen types were lower in the farmland than in the 
wasteland except for cereals (Figure 4). 
4  Discussion 
4.1  Differences in pollen concentration and human  
activity 
Average pollen concentration in the farmlands was 6943 
grains/g and significantly lower than the 26333 grains/g in 
the wastelands. There are several possible reasons for this. 
First, tillage causes some surface pollen grains to spread to 
deeper soil layers. Second, the loose cultivated soil of the 
farmland allows some pollen to infiltrate deeper soil, par-
ticularly with irrigation or rainfall. Third, microbial diver-
sity of the fertile farmland may cause degradation of pollen 
grains. In addition, continued weeding may cause some 
pollen grains to disappear, and fertilizer use may degrade 
pollen grains with poor preservation ability. Pollen concen-
trations in farmlands in our study are slightly lower than in 
farmlands (7227 grains/g) and wastelands (32704 grains/g) 
in the northwestern arid region [27], but slightly higher than 
in farmlands in central northern China (4227 grains/g) [28]. 
Further studies are needed to determine whether these are 
 
Figure 3  Comparison of major pollen types among different land uses. 
 
Figure 4  Average concentrations of main pollen types in the control group. 
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regional differences. 
Cornfields were found to have the lowest average pollen 
concentration (4057 grains/g), followed by Malus orchards 
(4606 grains/g), mixed fields (9699 grains/g), rice fields 
(11140 grains/g), Sophora woods (13095 grains/g), other 
plantations (14031 grains/g) and wastelands (26333 grains/ 
g). ANOVA (F>F crit, P-value≤0.01) indicates that these 
differences have statistical significance. Pollen concentra-
tions in cornfields are lower than in mixed crop farmlands. 
Fruit trees are entomophilous plants with low pollen pro-
duction [29,30], and crops are frequently planted between 
them, so that pollen concentrations in orchards are close to 
those in farmlands. Other plantations are often covered by 
weeds, and their pollen concentrations are higher than in 
farmlands and lower than in wastelands. Rice fields also 
have higher pollen concentrations. Generally, with an in-
crease in human activities and decrease in biodiversity, pol-
len concentrations reduce (Figure 3). Our results support the 
existing conclusion that human impacts decrease pollen 
concentrations [31]. Whether these differences are large 
enough to enable distinction between different land use 
types needs further investigation. 
4.2  Differences in pollen assemblages with human  
impact 
Pollen assemblages are different in different land use types, 
and also differ with differing habitat or human impacts 
within the same land use type (Figures 2 and 3). To distin-
guish different land use by pollen assemblage, PCoA was 
conducted with the percentages of pollen types. The results 
suggest that the samples can be separated into two groups: 
(1) those from wasteland, orchards and woodland, and (2) 
those from farmlands (Figure 5). Farmland samples can be 
distinguished from those from other land use areas, but it is 
difficult to further distinguish farm type. Cultivation meth-
ods, such as interplanting and rotation, have a strong influ-
ence, but most importantly crops such as corn, wheat, rice 
and millet belong to the Poaceae and their pollen is difficult 
to distinguish. The lower percentages of Rosaceae pollen in 
orchards and Leguminosae in planted Sophora woodlands 
make these pollen types difficult to use as land use indica-
tors. In addition, the high percentages of similar weed pol-
lens make it difficult to distinguish the wastelands from 
plantations by pollen assemblages. 
To better understand how differences in pollen assem-
blage follow differing human impacts, CA was conducted 
for the main pollen types in farmlands and wastelands (Fig-
ure 6). The results show that Pinus, Quercus and other tree 
pollens have a similar ascendancy order in farmlands and 
wastelands and correspond to their relative abundance as 
regionally dominant trees. The ascendancy order of major 
herbaceous pollen types are cereals, Cruciferae, Selaginella 
sinensis, Chenopodiaceae, Artemisia and Poaceae in farm-
lands, and Selaginella sinensis, Artemisia, Poaceae, Cheno-
podiaceae, Compositae and cereals in wastelands. This indi-
cates that the pollen presence of cereals, Poaceae, Chenopo-
diaceae, Artemisia and Selaginella sinensis is closely related 
to human activities in these hilly areas. 
Our study area was mainly located in temperate decidu-
ous forest and subtropical evergreen and deciduous-broad- 
leaf mixed forest zones, where Pinus and Quercus are en-
demic. Pinus and Quercus pollen is widespread and abun-
dant. Other forest trees such as Populus, Juglans, Betula, 
Carpinus and those in the Anacardiaceae are companion 
species. Their average pollen percentages are usually about 
1%; consistent with their actual distribution. The high per-
centages of Pinus pollen in farmlands and wastelands 
(25.8% and 20.9%) indicate that sampling sites should be 
far from pine forests [32]. Quercus pollen percentages are 
on average 7.4% in farmlands and 8.8% in wastelands; also 
indicating that the sampling sites should be distant from 
Quercus forests. In the Quercus forests Quercus pollen was 
55% in the Taibai Mountains [33] and 18.7% in central 
 
Figure 5  PCoA for 78 samples. 
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northern China [28]. These results may suggest that farm-
lands in hilly areas are usually some distance from forests, 
hence, arboreal pollen percentages are similar between dif-
ferent land use types with an average of 37.8%. And this is 
higher than the 18% in the Anyang region [22]. This further 
confirms that mountainous areas are important sources of 
arboreal pollen. Slightly higher arboreal pollen percentages 
in farmlands than in wastelands may be related to higher 
percentages of shrubs and ferns in wastelands, because 
these grow well in abandoned land [34]. However, some 
species of Elaeagnaceae are usually planted for medicine or 
food or as hedges; thus its percentage is higher in farmlands 
than in wastelands. Spores of ferns and fern allies are sig-
nificantly more abundant in wastelands than in farmlands, 
because Selaginella sinensis usually grows in wastelands or 
under shrubs where ground soil has developed from lime-
stone in northern China [20]. 
Herbaceous pollen is more abundant in farmlands than in 
wastelands, while Poaceae, Artemisia and Compositae are 
less abundant in farmlands than in wastelands. Higher 
Chenopodiaceae pollen percentages in farmlands probably 
result from vegetables planted in these sites (such as sugar 
beet and spinach). In general, although there are some 
slightly different pollen percentages in farmlands and 
wastelands, the pollen types are similar. Pollen assemblages 
in farmlands not only represent local vegetation compo-
nents, but also reflect features of regional vegetation [28]. 
Cereal pollen percentages in farmlands are about 15% 
higher than in wastelands. In wastelands cereal pollen per-
centages sharply drop to below 3%. One study showed that 
rice pollen percentages reduced about 20% even 5–10 m 
away from rice fields in a subtropical area of China [19]. To 
what extent crop pollen percentages decrease away from 
farmland will relate to crop types and cultivation methods. 
Our average pollen percentages for the Poaceae (includ-
ing cereals in this paragraph) and Artemisia in farmlands are 
lower than in central northern China [28], or the Anyang 
region [22,35]. Our pollen percentages for Poaceae, Ar-
temisia and Chenopodiaceae in wastelands are also lower 
than in Anyang. This may relate to the lower human impact 
in hilly areas than on the plains. When our results are com-
pared with paleosol samples in the Anyang region, the av-
erage herbaceous pollen percentages are similar; only our 
percentage of Poaceae is slightly higher (about 5%), and our 
Artemisia and Chenopodiaceae percentages are slightly 
lower (about 4%) than in the Anyang area. Excluding the 
effects of modern breeding and farming techniques, the 
pollen assemblages seem similar. This indicates that the 
pollen assemblages of hilly areas may be similar to those of 
plains during the early historical period when human activi-
ties were not so intense. 
4.3  Spatial distribution of major pollen taxa and  
human activities 
Figure 2 shows that percentages of major pollen types in 78 
samples have a good correlation with altitude. Using 
ArcMap to map the spatial distribution of cereals, Cru-
ciferae, Lauraceae, Quercus, Artemisia, Chenopodiaceae, 
shrubs and Selaginella sinensis, it is evident that distribu-
tion of these pollen types is also strongly influenced by 
latitude (Figure 7). 
Shrubby pollen percentages increase with altitudes and 
northern latitudes. Quercus, Betulaceae, Ulmaceae and 
some other arboreal pollen increases slightly with altitudes, 
and Quercus percentages decrease from northwest to 
southeast. Lauraceae pollen appears in the southernmost 
areas at the lowest altitudes; thus indicating subtropical 
vegetation. Selaginella sinensis spores have the highest 
percentage abundance at about 34°N in the southern central 
part of our study area. Hygric pollen and other spores ex-
cluding Selaginella sinensis decrease with increasing alti-
tudes. There were no significant relationships among Pinus, 
Poaceae or Compositae pollen and altitudes, presumably 
due to the over-representation of Pinus and many genera in 
the Poaceae and Compositae. Altitudinal and latitudinal 
changes obviously relate to changes in natural factors such 
as temperature and precipitation, and are in accordance with 
the natural distribution of these species. Pollen frequencies 
and percentages for Populus are higher at low altitudes than 
at high altitudes. Juglans pollen percentages are slightly 
higher between 500 and 1000 m elevation and probably 
relate to both the natural distribution and human planting. 
 
Figure 6  CA for main pollen types in farmlands (a) and wastelands (b). 
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Pollen percentages for cereals and Cruciferae increase 
while those for Artemisia and Chenopodiaceae decrease 
with decreasing elevation and latitude, except for an ab-
normal rise in Chenopodiaceae pollen around 200–500 m 
altitude (Table 1). These results suggest that human impacts 
become more serious with decreasing altitude. 
Table 1  Percentages of several pollen taxa in farmlands and corresponding altitude 
Altitude Crops Cereals Cruciferae Artemisia Chenopodiaceae Sample number 
<200 40.7 25.0 15.5 1.0 2.5 15 
200–500 23.8 15.9 6.6 2.6 14.7 9 
500–1000 12.1 11.4 0.4 6.2 7.4 13 
>1000 11.2 10.9 0.2 13.8 8.6 8 
 
Figure 7  Spatial distribution of the main pollen types. 
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Cereal percentages gradually increase with decreasing 
latitude (Figure 7(e)) and Cruciferae pollen percentages are 
much higher in the southern part of the study area (Figure 
7(f)), indicating that agricultural activities increase from the 
north to the south. The southeast is a mixed cropping area 
with rice, wheat and other crops [24], and is also one of the 
major areas where rapeseed is planted. Rotation between 
rice and rapeseed is common in this area. Surface pollen 
assemblages reflect this cropping pattern, suggesting that 
pollen assemblages can indicate not only agricultural pro-
duction [31,36], but also cultivation method. Pollen per-
centages for Artemisia and Chenopodiaceae decrease from 
the arid Loess Plateau with its higher altitude, to the more 
humid southeast of central China (Figure 7(g),(h)). These 
results thus support the conclusion of many previous stud-
ies, that Artemisia and Chenopodiaceae reflect both the hu-
man impact and aridification of the climate [37,38]. 
In summary, our research into the distribution of pollen 
types and their correlation with environmental or human 
factors on this scale will be beneficial to understand the 
relationship between pollen assemblages impacted by hu-
man activities, vegetation and climate.  
5  Conclusions 
(1) Crop pollen concentrations in farmlands are higher than 
in wastelands, but other main types are all higher in waste-
lands. Pollen concentrations are lower in simple vegetation 
types with serious human impacts than in other vegetation 
types; thus indicating that human impact causes pollen con-
centrations to decrease. PCoA indicates that the abundances 
of Poaceae, Chenopodiaceae, Artemisia and Selaginella 
sinensis are closely related to human activity; their percent-
ages are different in farmlands from wastelands and thus 
reflect the intensity of human activity. 
(2) Arboreal pollen types and percentages are similar 
between most samples, while herbaceous pollen types and 
percentages show the impact of human activities. Crop pol-
lens and their percentages are indicators of the cultivation 
methods and scale of agriculture. Cereals and Cruciferae 
pollen percentages averaged 16.7% and 6.7% in farmland, 
respectively, but cereals decreased to less than 3% and Cru-
ciferae to less than 0.5% in nearby wastelands. Based on 
pollen type, farmlands can be distinguished from other land 
uses. However, it is difficult to distinguish farm types, due 
to cultivation methods such as interplanting and rotation, 
and also identify pollen within the Poaceae family. The low 
pollen production of the dominant trees in orchards and 
Sophora woodlands also make it difficult to distinguish 
wastelands and plantations by their pollen assemblages. 
(3) Percentages of most pollen types change with altitude 
and latitude. These differing distributions can reflect 
changes in both the natural environment and intensity of 
human impact. Knowledge of pollen assemblages in planted 
and human-disturbed hilly vegetation may help reconstruct 
paleovegetation in the plains as it was during the early ag-
ricultural period. 
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